A fluorescence microscopic method was applied to assess directly the pathogenicity of resting spores of Plasmodiophora brassicae in soil. Infested soils were stained with a mixture solution of two fluorochromes, calcofluor white M2R and ethidium bromide, and were observed by fluorescence microscopy (phase contrast, UV filter set, oil immersion).
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Generally, the activity of microorganisms in soil is assessed by counts of the colony numbers produced on an axenic medium. However, P. brassicae is a biotrophic fungus which can not be cultured on an axenic medium2). Therefore, the colony counting method can not be used for assessing the activity of resting spores of P. brassicae in soil. No reliable methods for assessing the activity of resting spores of P. brassicae in soil is available as yet although attempts have been made to develop such methods for a long time2, 8, 9) .
We found out a fluorescence microscopic method based on the differential fluorescent staining reaction of spores induced by two fluorochromes to assess directly the pathogenicity of resting spores of P. brassicae in suspension13).
The purpose of this study is to determine whether this fluorescence microscopic method can be applied to assess directly the pathogenicity of resting spores in soil. Pathogenicity test. Inoculum soils were prepared by introducing the infested soils into a 2:1v/v mixture of steam-sterilized paddy-field soil and carbonized rice chaff to obtain a concentration of 105 or 103 spores per gram of soil. Pathogenicity of the resting spores in soil was examined by evaluating the disease severity on the clubroot-susceptible turnip (Brassica rapa L. cv. Wase-okabu) grown in cups with the inoculum soils using a disease index based on a 0 (no clubbing)-4 (very severe clubbing) scale, as described previously13). For each soil sample, twelve cups were provided and at least 30 infected plants were examined.
MATERIALS AND METHODS

Artificially
Heat treatment test.
Polyethylene bags with ten grams of the infested soil sample were sealed up tightly and heated in a water bath for one to ten days at 40, 45 or 50C. Heattreated soils in each combination of temperature and incubation period were used for fluorescence microscopy and pathogenicity examinations. This experiment was repeated three times.
Storage test. Clubroot galls of turnips collected and stored in a freezer at -20C on February 26, 1979, November 24, 1981 and August 4, 1988 were used. The infested soils were prepared by using resting spore suspensions which were obtained from clubroot galls stored for different periods of time, about 10 years, 7 years or 2 months on October 18, 1988 according to the procedure mentioned above for fluorescence microscopy and pathogenicity examinations. These examinations were triplicated. at 40C with a value of 20% after 7 days of incubation. Heating at 50C affected most appreciably the percentage of blue spores. In the soils heated at 50C the percentage of blue spores rapidly decreased after 1 day of incubation and reached a value of 16% after 3 days. Thus, the higher temperatures caused a more rapid and marked decrease in the percentage of blue spores. The disease indices for the plants inoculated with the infested soil heated at 40C slightly decreased at the end of incubation when the inoculum density reached 105/g of soil, but gradually decreased with the time of incubation when the inoculum density reached 103. When the infested soils were heated at 45C, the disease indices decreased markedly after 3 or 4 days of incubation. The 50C treatment resulted in the most remarkable decrease of the disease indices. The initial decrease was observed when the infested soils were incubated for only 1 day regardless of the inoculum density. Thus, when the heat-treated infested soils were used as inoculum, the disease severity was closely correlated with the percentage of blue spores in the heated soils. However, the variations in disease indices were generally more pronounced than those in the percentage of blue spores, at both inoculum densities of 105 and 103 examined. Figure 3 shows the effect of heat treatment at 45C for 10 days of the infested soils with a moisture ratio of 40% and 2.5% on the percentage of blue spores and the disease index. The percentage of blue spores in the heat-treated soils with a moisture ratio of 40% decreased more rapidly than in the soil with a 2.5% moisture ratio. Similarly, the disease index for the plants infected with the heat-treated soils with a moisture ratio of 40% decreased more rapidly compared with a moisture ratio of 2.5%, at the inoculum densities of 105 and 103, respectively. Thus, the disease severity decreased in proportion to the percentage of blue spores. However, the variations in the disease indices were generally more pronounced than those in the percentage of blue spores. Relationship between fluorescent staining reaction and pathogenicity of resting spores under storage stress in soil The infested soils prepared by using the resting spores obtained from frozen galls stored infected with the soils, at the inoculum densities of 105 and 103, respectively. The variations in the disease indices were more pronounced than those in the percentage of blue spores. Correlation between fluorescent staining reaction and pathogenicity of resting spores in soil Throughout the experiments, the positive correlation between the percentage of blue spores indicated by the fluorescent staining reaction of spores in soil and the disease index reflected the pathogenicity of spores in soil was confirmed by quantitative analysis. The correlation coefficients were r=0.95 for 105 spores/gram of soil, and r=0.83 for 103, and the regression equations were Y=1.5X-14. 6 and Y=1.1X-20.2, respectively ( Fig. 4) . However, the correlation coefficient for an inoculum density of 103 was not as high as that for an inoculum density of 105.
DISCUSSION
The method used in this study was developed to assess directly the pathogenicity of resting spores of P. brassicae in suspension13). The method could be easily applied for the detection of the spores in soil. The spores were readily identified in soil due to the strong fluorescence of the wall layer induced by calcofluor white M2R, one of the two fluorochromes used. The usefulness of this fluorochrome for identifying the spores in soil was already suggested in a previous study12). The spores were classified into two groups, i.e. spores with a non-fluorescing cytoplasm (blue spores) and spores with a red fluorescing cytoplasm (red spores) by the differential fluorescent staining reaction in soil as well as in the suspension13). The percentage of blue spores in the infested soils under heat and storage stresses were closely correlated with the pathogenicity of the spores in the soils expressed by the disease severity in the plants grown in the soils. These results indicate that the pathogenicity of the spores in a given soil sample could be directly assessed by the determination of the percentage of blue spores in the soil sample.
The change from blue to red spores was induced by heat and storage stresses. Therefore, the blue spores are considered to be more active than the red spores. It is known that the proportion of blue and red spores in the suspension changes with the concentration ratio of the fluorochrome solutions or the staining period13). Therefore, the concentration ratio of the fluorochrome solutions and the staining period should be fixed throughout an experiment.
The pathogenicity of the resting spores of P. brassicae in soil can be indirectly assessed by 
